In the U.S., the medical costs associated with obesity were estimated at $209.7 billion annually in 2008 dollars, with the majority of the costs attributed to treating cardiovascular disease and T2DM. [3] [4] [5] Bariatric surgery is considered an effective procedure for stimulating significant weight loss and improving obesityrelated co morbidities such as T2DM among severely obese persons. [2, 6] However, in 2010 only 1% of persons clinically eligible for bariatric surgery received surgical treatment. [7] Using the Nationwide Inpatient Sample database, the number of bariatric surgeries performed in the U.S. from 2008 to 2012 was estimated at 598,576, with a rate in 2012 of51 surgeries per 100,000 people. [8] Current guidelines of the American Association of Clinical Endocrinologists, The Obesity Society, and the ASMBS recommend that persons with severe obesity (≥40 kg/m 2 ) without coexisting medical problems and persons with a BMI ≥35kg/m 2 and at least one obesity related co morbidity (e.g. T2DM, dyslipidemia, hypertension) be considered eligible for bariatric surgery. [6] A Cochrane review of 22 randomized controlled trials with 1,798 participants reported that bariatric surgery was associated with greater improvement in weight loss outcomes and weight-associated co morbidities when compared with non-surgical interventions, regardless of the type of procedure used. [9] Bariatric surgery techniques have evolved over the last decade and the majority are performed using the laparoscopic approach, which is associated with shorter hospital stays and lower complication rates than open gastric bypass. [8, 10, 11] Results of a large observational study, conducted by Weiner et al, of 29,820 plan members who underwent bariatric surgery between 2002 and 2008 indicated that bariatric surgery is associated with a reduction in overall healthcare costs in the first years following surgery; however, the savings in healthcare costs of patients who underwent surgery versus those of non-surgery controls did not persist. [12] Although costs for pharmacy and outpatient visits did remain reduced among surgery patients versus controls up to 6 years post-surgery in that study, inpatient services were higher and offset the savings. [12] The findings from Weiner et al., which included a significant number of open gastric bypass cases with more and longer inpatient care, are becoming less pertinent in more recent years where the increasing majority of bariatric surgeries are performed laparoscopically. [12] The present study aimed to specifically evaluate the effect of 3 types of laparoscopic bariatric surgery procedures-Adjustable Gastric Banding (LAGB), Gastric Bypass (LRYGB), and Sleeve Gastrectomy (LSG)-on healthcare costs.
Methods

Data Source
This study was based on administrative insurance claims data for the time period spanning January 1, 2005 through December 31, 2013, drawn from the optum clinformatics database. The optum clinformatics database comprises enrollment information, inpatient medical, outpatient medical, and outpatient prescription claims data for tens of millions of individuals in the U.S. annually. As described in greater detail below, International Classification of Diseases, 9th revision, Clinical Modification (ICD-9-CM) codes, Current Procedural Terminology (CPT) codes, and National Drug Codes (ndcs) were used to identify the study population and measure healthcare cost outcomes.
Study Population &Design
Identification of Laparoscopic Bariatric Surgeries
The cohorts of patients who had laparoscopic bariatric surgery procedures (henceforth, surgical cohorts)included individuals ≥18 years of age who had LAGB, LRYGB, or LSG between January 1, 2006 and December 31, 2013, identified through insurance claims with ICD-9-CM and CPT procedure codes for the surgeries.
Study Periods
Definitions of the various study periods are provided in Supplemental Table 1 and described below. For each surgical cohort patient, the date of the first observed laparoscopic bariatric surgery was designated the index date. Patients were assigned to each surgical cohort based on the type of surgery (index surgery) that they had on the index date: LAGB, LRYGB, or LSG. Patients were required to have continuous enrollment in their insurance throughout the following periods: [1] a 360-day baseline period immediately before the index date, [2] a 60-day post-surgery recovery period which commenced upon the index date (established to allow the bariatric surgery cohort to stabilize prior to beginning measurement of outcomes), and [3] for at least 360 days after the termination of the 60-day post-surgery recovery period; this latter period was designated as the followup period which lasted for as long as each patient remained in the insurance plan, up to 5 years. The 5-year follow-up period was sub-divided into 10 half-yearly panels such that a patient enrolled in their insurance for 2 years after the post-surgery recovery period would contribute 4 half-yearly panels, whereas a patient enrolled for 5 years would contribute 10 half-yearly panels. The follow-up period was shorter for the LSG cohort, between 2-4 years depending on the outcome measure, due to a recent uptake of the procedure.
Eligibility Criteria for Surgical Cohorts
The following additional inclusion criteria were applied to patients in the surgical cohorts: [1] ≥1 medical claim with an ICD-9-CM diagnosis code for obesity or severe obesity during the baseline period; [2] evidence of ≥1 obesity-related co morbidity (type 2 diabetes, dyslipidemia, hypertension, depression, or sleep apnea), as indicated by having either at least two separate medical claims with an ICD-9-CM diagnosis code for the co morbidity, or one such medical claim plus at ≥1 pharmacy claim for a medication used to manage the co morbidity, during the baseline period.
The following exclusion criteria were applied to patients in the surgical cohorts: [1] ≥1 medical claim indicative of pregnancy are N, % unless otherwise noted in rows **Monthly total healthcare costs measured during the baseline period, excluding the 90 days immediately prior to the index date, which may be a period of intense resource utilization for the surgical cohort patients or delivery within the baseline, post-surgery recovery, or followup periods; [2] underwent any other bariatric surgery, including open, unknown, or revision surgery during the baseline period or the same encounter in which the index surgery was performed; [3] underwent any other major gastrointestinal surgery during same encounter in which the index surgery was performed; [4] underwent gastric procedures or had medical claims with ICD-9-CM diagnosis codes which were indicative of cancer or benign neoplasms of esophagus, stomach, pancreas, or small intestine that are contraindications for or interfere with bariatric procedures during the baseline period.
Control Cohort
A control cohort, comprising medically-managed patients without bariatric surgery of any kind, was established for comparison to the surgical cohorts. For each patient in each surgical cohort, potential controls were initially identified by selecting patients who were enrolled in their insurance on the same day that the surgical cohort patient underwent their index surgery, as well as for the equivalent timeframe of the baseline, post-surgical recovery, and minimum 360-day follow-up periods; the total duration of the follow-up period was not required to be exactly the same between the surgical cohort patients and their potential controls. Where applicable, potential control cohort patients were required to meet the same eligibility criteria as the surgical cohort patients (e.g., no cancer).
Matching of potential surgical cohort patients to control cohort patients was performed, at a 1:1 matching ratio, on sex, baseline BMI category (obesity or severe obesity), baseline co morbidities (type 2 diabetes, dyslipidemia, hypertension, depression, sleep apnea), and insurance type (health maintenance organization, fee-for-service, or unknown). Preferential matching of control patients to surgical patients was then performed based on average monthly healthcare costs (within the lower of 15% or $150) measured during the baseline period (excluding the 90 days immediately prior to the index date, which may be a period of intense resource utilization for the surgical cohort patients) and age (within 5 years).
Evaluation of Healthcare Costs
For each patient in the study cohorts, repeated measures of healthcare costs were created for the baseline and halfyearly panels in the follow-up period. As noted above, baseline healthcare costs measurements excluded the 90 days immediately prior to the index date, which may be a period of intense resource utilization for the surgical cohort patients. In each period, total (non-medication) medical costs (i.e., costs for all medical claims) and costs for medications specifically used for the treatment of T2DM, dyslipidemia, and hypertension were measured. Medication costs were limited to the medications specifically used for the treatment of those three conditions only because the progression of those conditions is likely altered by bariatric surgery. On the other hand, all medical costs were included in the analysis because the attribution of individual medical services to specific conditions can rarely be achieved reliably in insurance claims due to potential for coding error. A third category, henceforth referred to as 'combined treatment costs,' was equal to the sum of the two categories described above (medication costs plus medical costs). All costs were inflation adjusted to 2013 U.S. dollars.
Statistical Analyses
Descriptive statistics were utilized to describe the baseline demographics and clinical characteristics of the study cohorts. The control cohorts were similar with respect to baseline characteristics and were pooled together for subsequent analyses. Mixed Models For Repeated Measures (MMRM) were used to compare the healthcare cost outcomes between the surgical and control cohorts. These models included, as independent variables, fixed effects for the patient cohorts (treating the control cohort as reference), sequential panel, a cohort-by-sequential panel interaction, the baseline Charlson Co morbidity Index, and the baseline count of medications used for T2DM, dyslipidemia, and hypertension. An unstructured covariance was used to model the within-patient errors. The Least Squares Means (LSM) method was used to generate adjusted values of each healthcare cost outcome at each time period from the MMRM model results. Analyses were conducted among all patients, and in the following sub-groups of interest: [1] patients with T2DM, dyslipidemia, and hypertension; [2] patients with T2DM; and [3] patients with T2DM using insulin.
Results
Baseline Demographics and Clinical Characteristics
Baseline demographics and clinical characteristics of the 6 matched study cohorts and combined control cohort are presented in Table 1 . Patients who underwentlagb (N=4,208, mean age: 46.3 years), LRYGB (N=4,308, mean age: 46.4 years), and LSG (N=545, mean age 45.1 years) and patients in the combined control cohort (N=9,061, mean age 46.4 years) were similar in age and the majority of patients in each study cohort were female (69.4%-75.8%). Approximately 88% of patients in each study cohort had a baseline BMI>40 kg/m 2 . In the surgical cohorts, the prevalence of T2DM ranged from 31.4% to 38.6%, dyslipidemia ranged from 48.1% to 52.0%, and hypertension ranged from 71.4% to 73.2%. In the control cohort, the prevalence of T2DM, dyslipidemia, and hypertension, were 34.8%, 51.4%, and 72.3%, respectively.
Healthcare Costs among All Patients
The results of the adjusted analyses of healthcare costs among all patients in the study cohorts are shown in Table 2 . Adjusted monthly medical costs and adjusted monthly combined treatment costs of the LAGB, LSG, and control cohorts generally increased over the follow-up period. In the LRYGB cohort, adjusted monthly combined treatment costs decreased from $995 during the baseline period to a low of $899at 2.5 years post index, but then gradually increased. At 5 years of follow-up, the adjusted monthly combined treatment costs of the lrygb cohort were significantly lower than those of the control cohort [$977 vs. $1,354, P=0.001]. Also in the LRYGB cohort, the adjusted monthly medical costs increased from the baseline period [$693], but then began to decrease such that at 5 years of follow-up they were $650 and significantly lower than those of controls [$1,019, P<0.01]. Adjusted monthly medical costs gradually increased over follow-up for the LAGB and control cohorts. Although adjusted monthly medication costs for T2DM, dyslipidemia, and hypertension were higher in the LAGB and lrygbcohorts than the control cohort during the baseline period, they were significantly lower than those of the control cohort at 5 years of follow-up Adjusted monthly medication costs were also significantly lower for the lsgcohort than the control cohort at 2.5 years of followup; however, due to few observations and short follow-up period it was not possible to draw meaningful results for this study population beyond 2.5 years.
Healthcare Costs among Patients with T2DM, Dyslipidemia, and hypertension
The results of the adjusted analyses of healthcare costs among patients with T2DM, dyslipidemia, and hypertension are shown in Table 3 .In the LRYGB cohort, adjusted monthly combined treatment costs decreased from $1,517 during the baseline period to $1,060 at one year of follow-up, but then gradually increased to $1,527 at 5years of follow-up. At 5 years of follow-up the adjusted monthly combined treatment costs were significantly lower for both the LAGB cohort [$1,597, P<0.01] and the lrygbcohort [$1,527, P<0.01] than controls [$2,315]. Adjusted monthly medical costs increased over time in all study cohorts. Although during the baseline period the adjusted monthly medication costs for T2DM, dyslipidemia, and hypertension were higher in the LAGB and lrygbcohorts than the control cohort, they were significantly lower than the control cohort during followup. Patients who underwent LRYGB had the greatest reductions in adjusted monthly medication costs. The savings in medication costs were greater in the sub-group of patients with T2DM,
Healthcare Costs among Patients with T2DM
The results of the adjusted analyses of healthcare costs among patients with T2DM are shown in Table 4 .In the LRYGB cohort, adjusted monthly combined treatment costs decreased from $1,297 during the baseline period to a low of $1,018 at 4 years of follow-up. The adjusted monthly costs for T2DM medications were higher among the LAGB and LRYGB cohorts than the control cohort during the baseline period, but were significantly lower than that of the control cohort during follow-up. The lrygbcohort had the greatest reductions in adjusted monthly costs for T2DM medications.
Healthcare Costs among Patients with T2DM Using Insulin
The results of the adjusted analyses of healthcare costs among patients with T2DM using insulin are shown in Table 5 . In the LRYGB cohort, adjusted monthly combined treatment costs decreased from $1,945 during the baseline period to $1,446 at three years of follow-up. As observed in the other analyses, adjusted monthly costs for medications for T2DM, dyslipidemia, and hypertension were higher in the LAGB and lrygbcohorts than the control cohort during the baseline period, but were significantly lower than that of the control cohort during followup. The lrygbcohort had the greatest reductions in adjusted monthly medication costs. 2,552 LAGB, laparoscopic adjustable gastric band; LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; LSM, least-squares means; y, year *Medication costs are limited to the medications specifically used for the treatment of T2DM, dyslipidemia, and hypertension; medical costs include costs for all medical claims; combined treatment costs are equal to the sum of the medication costs and medical costs **Result is adjusted least-squares means prediction from a Mixed Model for Repeated Measures; the models adjusted for baseline Charlson Comorbidity Index and counts of medications for type 2 diabetes, hypertension, and dyslipidemia
Discussion
In this large scale analysis patients who had laparoscopic bariatric surgery had sustained lower costs for medications for the treatment of T2DM, dyslipidemia, and hypertension compared to medically-managed controls. Of the 3 types of laparoscopic bariatric surgeries, LRYGB was associated with the greatest reductions in medication costs and was the only surgery type also associated with sustained lower combined treatment costs in comparison to medically-managed controls up to 5 years post-surgery. Among patients in study cohorts with obesity related co morbidities of T2DM, dyslipidemia, and hypertension, the savings in medication costs were greater than among all patients. LSG results are similar to LRYGB, but with only 2.5 years of post-surgery data, the results are not conclusive.
Similar to our study, Weiner, et al., did observe a sustained reduction in pharmacy costs [not specific for treatment of obesity related co morbidities] among bariatric surgery patients versus non-surgery controls up to 6 years post surgery. 12 Two other observational studies of patients who underwent bariatric surgery have reported reductions in medication costs that are sustained relative to matched controls; [13, 14] in The Swedish Obese Subjects Study medication costs remained lower up to 20 gastric band; LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; LSM, least-squares means; y, year *Medication costs are limited to the medications specifically used for the treatment of T2DM, dyslipidemia, and hypertension; medical costs include costs for all medical claims; combined treatment costs are equal to the sum of the medication costs and medical costs **Result is adjusted least-squares means prediction from a Mixed Model for Repeated Measures; the models adjusted for baseline Charlson Co morbidity Index and counts of medications for type 2 diabetes, hypertension, and dyslipidemia years following bariatric surgery. [14] Bariatric surgery appears to have a much greater impact on medication costs than other interventions, with a recent clinical trial reporting no statistically significant reductions in medication costs between participants (n=79, average BMI: 39.5 kg/m 2 ) with at least one obesity related co morbidity who received intensive behavioral and dietary treatment for 18 months in comparison to those who only received it for 6 months. [15] A meta-analysis of several observational studies published after 2003 reported rates of T2DM remission ranging between 79% and 92% among patients who underwent bariatric surgery. [16] Additionally, rates of remission of dyslipidemia and hypertension ranged from 58% to 77%, and 67% to 81%, respectively. [16] For most studies included in the metaanalysis, remission rates were reported for the short term. [16] A nationally representative study estimated that medical spending among Medicare, Medicaid, and private insurance payers in 2006 was 42% higher for an obese vs. A normal weight person, of which a primary driver was obesity related medication costs. [17] Moreover, costs of treatment of obesity related co morbidities continues to rise in the U.S. The American Diabetes Association estimated the total economic cost of diagnosed diabetes in 2012 at $245 billion, a 41% increase from the previous estimate of $174 billion (in 2007 dollars). [18] Furthermore, an array of drugs are now available to treat not only inadequate glycemic gastric band; LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; LSM, least-squares means; y, year *Medication costs are limited to the medications specifically used for the treatment of T2DM, dyslipidemia, and hypertension; medical costs include costs for all medical claims; combined treatment costs are equal to the sum of the medication costs and medical costs **Result is adjusted least-squares means prediction from a Mixed Model for Repeated Measures; the models adjusted for baseline Charlson Comorbidity Index and counts of medications for type 2 diabetes, hypertension, and dyslipidemia control, but multiple complications of T2DM.Further study of the influence of bariatric surgery procedures on medication costs for obesity related co morbidities in the current and future healthcare landscape are warranted, along with additional longterm studies of the impact on cardiovascular events and other co morbidity related outcomes.
Given the potential cost savings that may be realized by laparoscopic bariatric surgery, the question arises as to when the economic Return On Investment (ROI) in such surgeries may yield an economic net benefit (i.e., when long-term savings exceed the initial costs of surgery). Two previous studies which addressed the ROI of laparoscopic bariatric surgery reported times to full ROI(economic net benefit) ranging from 1.25 to 5 years when comparing to morbidly obese patients who do not undergo bariatric surgery; with patients having baseline diabetes experiencing shorter durations of time to full ROI. [19, 20] We conducted anroi analysis based on the present study findings in which we treated the costs incurred from 1 month before the bariatric surgery plus the cost incurred for the bariatric surgery as the initial investment, and treated the sum of cost differences between the surgical and control cohorts over time, applying a 3% annual discount rate, as the returns on the investment. We found that over the 5-year period, time to full ROI was realized for gastric band; LRYGB, laparoscopic Roux-en-Y gastric bypass; LSG, laparoscopic sleeve gastrectomy; LSM, least-squares means; y, year *Medication costs are limited to the medications specifically used for the treatment of T2DM, dyslipidemia, and hypertension; medical costs include costs for all medical claims; combined treatment costs are equal to the sum of the medication costs and medical costs **Result is adjusted least-squares means prediction from a Mixed Model for Repeated Measures; the models adjusted for baseline Charlson Comorbidity Index and counts of medications for type 2 diabetes, hypertension, and dyslipidemia the LRYGB cohort in approximately 4 years among patients with T2DM and in approximately 3 years among patients with T2DM using insulin; this finding was robust to a more conservative discount rate of 5%. Full ROI was not realized over the study period for the LAGB cohort in any of the groups of interest, or for the LRYGB cohort in the all patients group or in patients with T2DM, dyslipidemia, and hypertension. The LSG cohort was not subjected to the ROI analysis due to the limited sample size and follow-up duration.
Limitations
The results of this observational study must be presented with some limitations. First, the attrition rate of the study population was 34% after 3 years and 72% after 5 years. Loss to follow-up attributable to treatment failure may have caused an overestimation of differences in healthcare costs among patients who underwent laparoscopic bariatric surgery and medicallymanaged controls. Additionally, the follow-up period may not have been sufficient to examine the sustainability of differences in healthcare costs, especially for patients who had LSG.
Although LSG appeared to provide an economic benefit earlyon, due to few observations and short follow-up period it is not possible to draw meaningful results for this study population beyond 2.5 years. For this study, we attempted in multiple ways to control for differences in patient characteristics with advanced patient matching techniques; however some bias may still be present. The ICD-9-CM code, 278.00 is limited as it refers to "unspecified obesity" and does not refer to a specific BMI measurement. However, the majority [~88%] of all study cohorts had the ICD-9-CM code of 278.01, which refers to severe obesity with a BMI>40 kg/m 2 . Although it can be observed indirectly relative to controls, we did not directly compare differences in healthcare costs among patients who underwent LAGB, LRYGB, and LSG.ROI analyses are subject to uncertainty, and future analyses are needed to understand the ROI of LSG. Lastly, although the study population for this analysis was large and diverse, the results may not be generalizable to those older than 65 years or those with other types of insurance, such as Medicaid.
Conclusions
In this retrospective analysis of a large real world claims database, patients who had laparoscopic bariatric surgery incurred lower medication costs for the treatment of T2DM, dyslipidemia, and hypertension compared to medically-managed controls up to 5 years post-surgery. LRYGB was associated with the greatest reduction in medication costs and sustained lower combined treatment costs in comparison to medicallymanaged controls over the 5 year follow-up period. LAGB did not demonstrate sustained lower cost vs. control, and more study is needed to evaluate the long term impact of LSG.
